INTRODUCTION {#sec1-1}
============

Traumatic brain injury (TBI) is a "silent epidemic" that creates a significant burden on health care resources across the globe. TBI is a dynamic process that involves damage to the brain, thus leading to behavioral, cognitive, and emotional consequences and poor quality of life (QOL).\[[@ref1]\] Post-TBI, a person, often presents an association of neuropsychological deficits and emotional-behavioral problems.\[[@ref2]\] Postconcussion syndrome/symptoms (PCS) is a constellation of cognitive, emotional, and somatic symptoms that occurs following a TBI.\[[@ref3]\] Lippert-Grüner *et al*.\[[@ref4]\] highlighted the course and relation of symptoms post-TBI with neurobehavioral rating scale at 6 and 12 months postinjury. Behavioral changes did not show any significant improvement between the period of posttrauma for anxiety, expressive deficit, emotional withdrawal, depressive mood, hostility, suspiciousness, fatigability, hallucinatory behavior, motor retardation, unusual thought content, and liability of mood and comprehension deficit. However, improvement was reported in attention, somatic concern, disorientation, guilt feelings, excitement, poor planning, and articulation deficits. Changes between 6 and 12 months post-TBI were statistically significant for disorientation (improvement), inattention/reduced alertness (improvement) and excitement (deterioration). Along with post-concussion symptoms (PCS), QOL is also compromised in TBI. World Health Organization (WHO) defines QOL\[[@ref5]\] as an individual\'s perception of their position in life in the context of their cultural and value systems in which they live in relation to their goals, expectations, standards, and concerns (WHO, 1994). Jakola *et al*.\[[@ref6]\] investigated the prevalence of PCS and QOL using Rivermead PCS Questionnaire (RPQ), Health related QoL (HRQOL) -- EuroQol-5D, and EuroQol Visual Analog Scale (EQ-VAS). The results indicated that patients reported significantly more PCS and lower HRQOL than the controls. In another study, Teasdale and Engberg\[[@ref7]\] assessed subjective well-being and QOL in patients with TBI. The outcome was that the group with cerebral lesions had markedly poorer QOL and subjective well-being than the group with cranial fractures, and this did not vary across time. However, in both groups, the most common symptoms concerned were cognition. Cognitive functions were assessed by Scheid *et al*.\[[@ref8]\] in patients with TBI (*n* = 299). Results showed deficits in memory and executive dysfunctions 4--55 months post-TBI.

In summary, the studies indicate that the patients with TBI, experience PCS and poor QOL and diminished cognitive functions. Studies have focused on all the functions independently or in combinations, however, there are limited studies exploring the correlation among them. The aim was to study the correlation of PCS, QOL, and cognitive functions in relation to age and education. It is hypothesized that patients who experience PCS would have poor QOL and thus would have impaired cognitive functions.

METHODS {#sec1-2}
=======

Before starting of the study, the protocol was evaluated by the human ethics committee. In the main study, pre- and post-intervention study was adopted; however, the current analysis is a cross-sectional data. After obtaining the informed consent, the sociodemographic details (developed for the study), Edinburgh Handedness Inventory\[[@ref9]\] Rivermead Head Injury Follow-up Questionnaire (RHIFQ),\[[@ref10]\] RPQ,\[[@ref11]\] and World Health Organization QOL Assessment-BREF,\[[@ref12]\] were administered. The neuropsychological assessment was carried out using NIMHANS battery.\[[@ref13]\] The battery consists of the tests measuring different areas, such as motor speed, mental speed, sustained attention, executive functions, visuoconstructive ability, and learning and memory. The sample comprised of 60 patients with TBI. Right-hand patients with the ability to read and write, the first episode of mild, moderate, or severe head injury (Glassgow coma scale \[GCS\] - score of 3--15) between the 18 and 50 years of age with normal or corrected vision/hearing were recruited at random. Patients with a history of psychiatric disorder, neurological illness, and neurosurgical conditions other than TBI, mental retardation, substance dependence, medical conditions such as hypertension, cardiac complications, exposure to cognitive rehabilitation or any form of psychotherapy and with post-traumatic epilepsy, were excluded from the study. The exclusion criteria were based on clinical interview. Patients with psychotherapy were excluded as this study was part of the intervention program, and any therapy would have confounding effects for intervention analysis. Patients were recruited post 3 months of injury (3 months duration to account for plasticity changes). The sample was collected from inpatient and outpatient services of Department of Neurosurgery, NIMHANS, Bangalore.

RESULTS AND DISCUSSION {#sec1-3}
======================

The sociodemographic details were obtained from patients and the significant others. Details of age, education, gender, marital status, urban-rural background, occupation, and socioeconomic status were obtained. The mean age group was 28.27 ± 7.66 years. The mean number of years of education was 11.97 ± 2.71 years. The male-female ratio was 54:6, there were 90% males. The marital status indicated that 66.7% were married. In terms of employment, 50% patients were employed. The socioeconomic status indicated that the majority of patients were from the middle socioeconomic status (46.7%). As far as background was concerned, 80% patients were from urban. The clinical details of the groups were obtained for severity, imaging reports, duration, and information about surgery through patients and medical record files. The severity was determined with the scores of GCS (score of 13--15 was mild TBI, 9--12 moderate TBI, and 3--8 severe TBI). In terms of severity, there were 56.7% severe patients. The information about imaging and structural involvement was obtained from computed tomography/magnetic resonance imaging scans. In about 53.3% patients had frontal and temporal lobe involvement, parietal lobe was found in 30%, and occipital lobe involvement was found in 10% of patients, 16% of patients were left lateralized, 16% were right lateralized, and 23% were with bilateral involvement. Following TBI, the number of patients who underwent surgery was 43.3%.

Neuropsychological profiles in traumatic brain injury {#sec2-1}
-----------------------------------------------------

The degree of cognitive impairments determines the bio-socio-occupational functioning of the patients \[[Table 1](#T1){ref-type="table"}\]. The analysis of test results on neuropsychological assessment reveals \>50% of patients with TBI had deficits in mental speed (55.88% on digit symbol substitution test \[DSST\]). Mental speed is a composite measure, which requires rapid processing of information. Due to injury, patients are unable to process and allocate the resources efficiently. Binder *et al*.\[[@ref14]\] in a review study found deficits in speed of processing in patients with TBI. Madigan *et al*.\[[@ref15]\] found that speed of processing in the TBI group was disproportionately slower. Deficits in intelligence, memory, attention, speed of processing, and cognitive flexibility were documented.\[[@ref16]\] The structure implicated with mental speed of information processing is dorsolateral prefrontal cortex.\[[@ref17]\] There was severe impairment found in verbal learning and memory \[54.90% on auditory verbal learning test immediate recall (AVLT); 65.69% on delayed recall (AVLT)\], indicating that there was difficulty in encoding, retrieval of verbal material. Verbal learning and memory is the capacity to learn and remember verbal material. Curtiss *et al*.,\[[@ref18]\] found patterns of memory dysfunctions in patients with TBI. Similarly, de Guise *et al*.\[[@ref19]\] found deficits in the areas of attention and memory. Lesion studies have shown acquisition of new information is mediated by a wide network of structures such as anterior temporal cortex, amygdala, hippocampus, entorhinal cortex, prefrontal cortex, and retrosplenial cingulate cortex.\[[@ref20]\] The present study showed deficits in speed of information processing and memory, which is corroborated by earlier studies.\[[@ref21][@ref22][@ref23][@ref24][@ref25]\] The cognitive deficits observed in the domains can be explained as abnormalities in the frontal and temporal lobe functions. The neuropsychological localization associated with the functions is prefrontal and left medial temporal.\[[@ref26][@ref27]\]
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Neuropsychological deficits in patients with TBI (*n*=60)
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Correlation of the study variables {#sec2-2}
----------------------------------

The results obtained on various tests were analyzed using descriptive statistics, such as mean and standard deviation for continuous variables; frequency and percentages, for qualitative variables. The neuropsychological assessment data were analyzed using nonparametric test since the distribution for neuropsychological assessment was not normal. Spearman\'s correlation test was used to study the correlation between different variables. Data were analyzed using SPSS 15.0 for Windows SPSS, NIMHANS licensed version, Department of Biostatistics. The correlation analysis was carried out to understand the relationship between the sociodemographic variables; neuropsychological performance \[[Table 1](#T1){ref-type="table"}\]. Age and education being continues variable was used for correlation \[Tables [2](#T2){ref-type="table"} and [2.1](#T3){ref-type="table"}--[2.3](#T5){ref-type="table"}\].
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Correlation between post-concussion Symptoms (PCS) and Quality of life (QOL) with age and education (*n*=60)
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Correlation between motor speed, mental speed and sustained attention with age and education (*n*=60)
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Correlation between executive functions with age and education (*n*=60)
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Correlation between comprehension, learning and memory with age and education (*n*=60)
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PCS are among the most common complaints after TBI. Symptoms such as dizziness, headache, impaired attention, and poor memory are frequently reported by the patients. The symptoms disable the patients significantly in the domains of occupational, social, emotional, and day to day functioning. This has an impact on their personal lives. Results of the present study indicate that PCS, which was measured by RHIFQ and RPQ, was not correlated with age, indicating that increase or decrease in age does not influence PCS. The intensity of the symptoms varies with severity of TBI. Since this study had 50% of severe TBI category, it could be hypothesized that PCS occurs due to injury *per se* and age has no significant correlation. QOL is subjective well-being in relation to self and society. According to Tarter *et al*.\[[@ref28]\] QOL was a multi-faceted construct that encompasses the individual\'s behavioral and cognitive capacities, emotional well-being and abilities requiring the performance of domestic, vocational, and social roles. QOL is, therefore, a dynamic concept that not only incorporates physical, psychological, and social domains but individual perceptions and values of their role function. The well-being of individuals is based on the idea of good health and life satisfaction. Variables such as age and education were correlated to analyze whether it has an impact on the well-being of the individual. The present study indicated that there was no correlation between age and QOL. Both younger and older adults experience poorer QOL post-TBI. The findings are corroborated by the study conducted by Rahman *et al*.\[[@ref29]\] who hypothesized that increased age would be associated with decreased QOL. The study revealed that increased age was associated with lower QOL in Caucasians, whereas no relationship was observed between age and QOL measures among African Americans. The environment domain of QOL was positively correlated with number of years of education. Education has been found to be the protective factor which increases the QOL. The findings are corroborated by studies, conducted with spinal cord injury, Clayton and Chubon\[[@ref30]\] found in a sample of 100 persons with spinal injury, that education was associated with perceived life quality. Education is considered to increase access to work and economic resources. According to Albrecht and Devlieger,\[[@ref31]\] education increases a sense of control over life for a person with disabilities and creates opportunities for social relationships. It is therefore hypothesized that in patients with TBI, severity, age, and concussion symptoms influence HRQOL and early social reintegration.\[[@ref32]\] The correlation carried out for neuropsychological assessment with age and education showed that age was positively correlated with mental speed (DSST), indicating that older the individual the better is the performance of mental speed. Age was found to be negatively correlated with category fluency (animal naming test \[ANT\]), concept formation (Wisconsin Card Sorting Test \[WCST\]) and verbal comprehension (Token test), indicating that younger individuals could generate alternatives, form sets and comprehend better than older adults. Number of years of education was higher in IG, which was found to be positively correlated with working memory (N-back test), concept formation (WCST) and visuoconstructive ability (complex figure test \[CFT\]). The findings were corroborated by a study by Reitan and Wolfson.\[[@ref33]\] They evaluated the variables of age and education with relation to the neuropsychological functions. It is postulated that higher education level decreases vulnerability to cognitive deficits after a TBI. It is also indicated that higher educational levels, along with mild symptoms predicted a low likelihood of significant cognitive dysfunction.\[[@ref34]\] The present study also indicates that the ability to shift sets was negatively correlated with education on perseveration score (WCST). Planning (tower of London), response inhibition (Stroop test), learning and memory (AVLT and CFT) had no significant correlation with age and education in the intervention group (IG) and wait list group (WG). The neuropsychological assessments performance was correlated with PCS and QOL. It is expected that higher PCS result in poorer QOL and poor neuropsychological test performances. This study indicates motor speed (finger tapping test \[FT\]), category fluency (ANT), working memory (N-back), concept formation, comprehension (Token test), visuoconstructive ability (CFT), verbal and visual learning and immediate memory (AVLT and CFT) were negatively correlated with PCS (RHIFQ, RPQ, and VAS). Set shifting (WCST) and response inhibition (Stroop) were positively correlated with PCS (RHIFQ and VAS). Motor speed (FT) and visual memory (CFT) were positively correlated with psychological domain and overall QOL. Positive correlation was found between physical, psychological, environmental, and overall QOL with category fluency and verbal delayed memory (AVLT) \[Tables [2.4](#T6){ref-type="table"}--[2.6](#T8){ref-type="table"}\]. Results of the present study indicate that neuropsychological functions were correlated with PCS and QOL. As expected, the higher the PCS patient\'s experience, poorer will be the neuropsychological test performance. This indicates that the QOL and PCS are interrelated. It is indicated that people with disabilities are incapable of experiencing a good QOL. A model of disability given by Kasonde-Ng\'andou\[[@ref35]\] points out that disability is perceived to be a "sickness," "personal tragedy," and "object of charity." As the patients with TBI are limited in function (self-care, occupational) and role performance, they perceive and experience poorer quality in different domains. Results of this study are in accordance with the literature. PCS (RHIFQ) were negatively correlated with all the domains of QOL, physical, psychological, social, environmental, and overall QOL. PCS on RPQ was also found to be negatively correlated with physical, psychological, social domains, and with overall QOL. RHIFQ and RPQ were positively correlated with VAS, indicating that, higher the PCS, higher is the subjective distress experienced by patients with TBI. The VAS was negatively correlated with all domains of QOL, physical, psychological, social, environmental domain, and overall QOL. It indicates that those patients who experience more subjective symptoms tend to have lower QOL. Poor QOL is positively correlated with PCS \[[Table 2.7](#T9){ref-type="table"}\]. Whittaker *et al*.\[[@ref36]\] found that perception of the illness itself may have an effect on the development of post-concussive syndrome. Emanuelson *et al*.\[[@ref37]\] reported significant correlation between higher rates of PCS and poorer well-being.
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Correlation between motor speed, mental speed and sustained attention with PCS and QOL (n=60)
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Correlation between executive functions with PCS and QOL (n=60)
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Correlation between comprehension, learning and memory with PCS and QOL (n=60)
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Correlation between PCS and QOL (n=60)
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CONCLUSIONS {#sec1-4}
===========

The neuropsychological profile of patients with TBI showed significant impairment in speed of information processing and verbal learning and memory. There was a negative correlation of postconcussive symptoms with QOL. Positive correlation was found between neuropsychological functioning and QOL. Age and education were positively and negatively correlated with some aspect of symptoms and neuropsychological functioning. The cascade of TBI includes impairment of various domains and each of them, directly and indirectly, influencing the outcome. Following TBI, initially, neuronal plasticity occurs and aids in the recovery of cognitive functions to some extent leaving the patient with residual symptoms and cognitive dysfunctions. If rehabilitation is introduced, the recovery occurs through a process of autoregulation and homeostasis and aiding the patient to reintegrate back to society. The implications of the study are that TBI has become a burden on health care creating impact at personal and societal level which needs to be addressed on priority. The limitations of the study are that the distribution of gender and severity of injury was not equal and follow-up could not be carried out for all the patients. The study has highlighted the cognitive profile along with correlation with PCS and QOL, which indicates the need for bio, psychosocial integrated rehabilitation approach for patients with TBI.
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